The objective of this study was to evaluate the infestation of Vatiga illudens in cassava varieties and to correlate its infestation with the physical and morphological parameters of resistance. The experiments were conducted in the 2014/2015 and 2016/2017 seasons, out in a randomized complete block design with nine treatments and five replicates. Nymphs and adults of V. illudens were evaluated on the abaxial surface of 16 leaves of the middle third of the plant. The density of trichomes was quantified with the use of electron micrographs, and the roughness of the epicuticular wax was assigned to the leaves of the shoot and the apical third. The color components L*, a*, b*, were measured with a portable digital colorimeter. The cultivars IAC 90 and Santa Helena demonstrated the smallest infestations in the 2014/2015 season and maintained low infestation in the 2016/2017 season. The varieties Baianinha, IAC 576-70 and Catarina-Branca, maintained high infestations in the both seasons. The density of trichomes of the middle third of the plants correlated negatively to the V. illudens infestation for the two seasons. The higher density on trichomes, negatively affects the infestation of V. illudens in cassava varieties, characterizing as a specific resistance factor to this species.
Introduction
Lace bugs are exclusively phytophagous insects (Guidoti et al., 2015) , five species are found on the cassava (Froeschner, 1993; Bellotti, 2008) , but Vatiga illudens (Drake, 1922) and Vatiga manihotae (Drake, 1922) are frequently observed and considered important pests (Bellotti et al., 1999; Fialho et al., 2009) . The genus Vatiga feed by sucking the parenchyma cell's protoplasm, causing yellow spots, which in severe infestations can cause leaf fall, this results in low photosynthetic capacity (Bellotti et al., 2012) and reduced plant productivity (Fialho et al., 2009) .
Damage caused by arthropods in cassava have diminished, through the understanding of bioecology, use of integrated pest management (Bellotti et al., 2012) , and by using sources of resistance, which were identified and introduced in varieties of high yield (Bellotti, 2002; Vieira et al., 2011) . Physical, chemical and morphological factors are considered sources of resistance against arthropod pests (Chalwe et al., 2015; Prado et al., 2016) . The trichome density has frequently been reported as resistance factor of the cassava towards some thrips species, demonstrating a negative correlation between trichome density and presence these insects (Schoonhoven, 1974 , Parsa et al., 2015 .
Considering the socioeconomic characteristics of the farmers who cultivate cassava, enhancement programs should be focused in resistance varietal studies, considered the most adequate as it is practical, economical and environmentally correct (Bellotti et al., 2012) , reducing the chemical insecticides application. The Brazilian cassava varieties have distinct physical and morphological characteristics, that can confer resistance towards the lace bug and help in the selection of materials in the enhancement programs. Thus, this study aimed to evaluate the V. illudens infestation in different cassava varieties, and correlate its infestation with physical and morphological factors of resistance.
Materials and Methods

Study Location and Experimental Design
The study was conducted in field conditions during the 2014/2015 and 2016/2017 seasons, in the city of Londrina (23°36′ S; 51°16′ W; 610 m.a.s.l.) with a Humid subtropical climate (Cfa) as classified by Köppen. The median temperature and accumulated precipitation, between the plantation (15/11/2014) and the last evaluation (30/10/2015) for the first season, was 22.75 °C and 1928.9 mm, respectively, and between the plantation (12/07/2016) and the last evaluation (17/05/2017) in the second season was 21.8 °C and 1307.5 mm respectively.
The experiments were performed using the random block design, with nine treatments (IAPAR 19, IPR Upira, IPR União, IAC 576-70, IAC 14, IAC 90, Catarina-Branca, Santa Helena and Baianinha) and five repetitions.
Each experimental parcel was composed of 36 plants, distributed in an area of 36 m² (6 m width × 6 m length), where six cassava lines were planted, containing six plants each, with a 0.80 m spacing between plants and 0.90 m between the lines. The plantation began in the first fortnight of November 2014, for the first season, and in the first fortnight of July 2016, for the second season.
Evaluation of Vatiga illudens Infestation on Cassava Leaves
During the 2014/2015 season, the evaluations began on the 12/02/2015, extending to the 30/10/2015, where 11 evaluations were conducted. In the second season, the evaluations began at the 24/11/2016 and were concluded in the 17/05/2017, totaling 20 evaluations this year. Every survey was performed in the four central lines of each parcel, excluding the first and last plant of each line.
The evaluations consisted in the direct counting of V. illudens (nymphs and adults) present in four randomly selected plants. On each plant, the individuals present on the abaxial surface of four leaves were recorded, totaling 16 leaves per parcel. Each chosen leaf was positioned in one cardinal direction (north, south, east and west).
Gathering of the Cassava Leaves and Material Preperation for Microscopic Reading
Leaves from the nine varieties were gathered 210 days after the plantation (ATP), to proceed with the quantification of the number of trichomes present in each variety, and the characterization of the leaves epicuticular wax's rugosity. The harvest happened before the varieties flowering, following the procedure used by Schoonhoven (1974) .
The block showed no effect over the varieties' trichome density in a preliminary test, so one repetition for each treatment was adopted, collecting one leaf from the medium third of each variety. After the gathering, the material was herbalised, using a drying kiln, without forced air circulation at 60 °C, for a period of 72 h, thus allowing a complete dehydration.
Cassava Leaves' Trichome Quantification and Determination of the Epiderm Rugosity
The herbalised material was sectioned and fixed to microscopic sample holders (stub), with its inferior face directed upwards, allowing the trichome quantification. The "stubs" were sprayed with gold to increase the samples' conductivity. For each sample a median section of the leaves' central lobe was examined, using an area of 4 mm 2 (2 mm × 2 mm).
Trichome micrographs in the different cassava genotypes were obtained using a scanning electron microscope (SEM) (Phillips FEI, model Quanta 200), with a lense of 400× augmentation, these where square shaped, and covering an area of 0.032 µm 2 on the cassava leaf. Then each square was given a number, through a numeric lottery of six squares, the means were calculated. Ultimately, the trichome density observed was corrected to an area of cm 2 .
Utilizing the micrographs, the leaves' epidermal rugosity was determined through a score giving between 1 and 3, in which: 1 = no rugosity; 2 = little rugosity; 3 = high rugosity, by three different evaluators, thus the means of the three scores were used as the final value for the morphological characterization.
Determination of the Colorimeter Parameters
A Konica Minolta® portable colorimeter, model Chroma Meter CR-400, CIELAB color system, calibrated to the L*, a*, b* scale, as this scale consistently correlates color values with visual perception of the human eye (Ohta & Robertson, 2006) , it was used to measure the parameters L* (Brightness), a* (Hue), and b* (Saturation), for the nine studied varieties.
The measurements were carried out on the field, a black colored board was used to support the leaf and to prevent the influence of reflected sunlight. The median section of the central lobe on the adaxial surface of five cassava leaves from each parcel was analized (n = 25 per cassava variety).
Statistical Analysis
The results were submitted to a normality test and a homoscedasticity analysis, thus allowing the application of a variance analysis (ANOVA). The means' multiple comparisons were performed using the Skott-Knott test at 5% probability.
Lastly, the mean of the lacebug infestation was correlated with the density of trichomes present on the plant's middle third leaves, the epicuticular wax roughness and the colorimetric parameters L*, a*, and b*. Using the Pearson Correlation test (r). For both analyses, the result was deemed significant when p ≤ 0.05.
Results and Discussion
The varieties IAC 90 with 0.13 and Saint Helena with 0.27 lacebugs per leaf had the lowest density of V. illudens in the first season. For the 2016/2017 season, these varieties had again the lowest pest population, presenting 0.19 and 0.23 lacebugs per leaf, respectively, differing statistically from the IAPAR 19, IAC 576-70, Catarina-Branca and Baianinha varieties (Table 1) . Oliveira et al. (2016) , while evaluating the non-preference of V. illudens oviposition on cassava varieties, identified that IAC 90 and Santa Helena, were the varieties with a potential deterrent to the females' oviposition, whereas IAC 576-70 had a stimulating potential. These informations coincide with the largest and smallest infestations found in this study (Table 1) . Although the authors did not evaluate the direct trichome presence as a factor related to the deterrent effect, they hypothesized this.
A significant negative correlation between lace bug and the trichome density of the varieties was found, where, r = -0.7379; p = 0.0232 and r = -0.7377; p = 0.0232, for the 2014/2105 and the 2016/2017 seasons respectively (Figure 1) . The lowest infestations of V. illudens were observed in the cultivars with the highest density of trichomes, indicating that this morphological factor may be related to the resistance of cassava varieties to this species. Vol. 11, No. 17; 2019 
